Abstract The dehydration-responsive element-binding (DREB) protein/C-Repeat Binding Factors (CBFs) belongs to APETALA2 (AP2) family transcription factors that binds to DRE/CRT cis-element in cold-responsive (COR) genes and induce COR genes. CBFs have been isolated and characterized from evolutionarily diverse plant species. CBF pathway is conserved by CBF regulon and the size or the number and kind of target genes vary among freezing sensitive and tolerant plants. Hence, cloning of CBFs from highly freezing tolerant plants such as Lepidium latifolium L. will be useful in understanding the freezing tolerance of this species. In this study, LlCBF, a CBF1 family gene from L. Latifolium L., was cloned using RT-PCR and RACE-PCR. The full length mRNA of LlCBF is 948 bp with an open reading frame of 642 bp, encoding a protein of 213 amino acids with a molecular weight of 23.92 kDa and a theoretical isoelectric point of 4.80. Amino acid sequence analysis showed that LlCBF has an AP2 DNA binding domain, a potential CBF type nuclear localization signal (NLS) and C-terminal acidic domain. Semi-quantitative RT-PCR analysis of LlCBF revealed that this gene is up-regulated by high salt, dehydration and low temperature stresses. The investigation is therefore successful in cloning of a gene having strong homology with CBF transcription factors and responsive to low temperature, high salt and dehydration conditions.
Introduction
The geographical distribution of the crops is determined by many environmental conditions, low temperature being one of the important factors. In order to adapt to low temperature condition, many plants have ability to acquire freezing tolerance by prior exposure to a period of low but nonfreezing temperatures, a process known as cold acclimation (Thomashow 1999; Agarwal et al. 2006a) . Adaptation processes include an array of biochemical and physiological alterations such as changes in lipid composition from saturated to unsaturated form, increased sugar content and other osmoltytes, as well as protein contents and enzyme activities (Guy 1990; Thomashow 1999) . Specific proteins are induced in compliance to low temperature that help cells to cope up with chilling and freezing stress (Thomashow 1999; Knight et al. 1999; Tahtiharju and Palva 2001; Gong et al. 2002; Hsieh et al. 2002) . The functions of cold stressinduced proteins include metabolism of carbohydrates, lipids, and phenylpropanoids, as antioxidants, molecular chaperones, mRNA binding proteins, proteinase inhibitors and antifreeze proteins, and also tolerance to cellular dehydration caused by extra-cellular freezing (Mohapatra et al. 1989; Guy 1990; Thomashow 1999) .
In plants, cold signalling pathways have been best elucidated in Arabidopsis. The cDNA microarray studies of 7,000 full length genes in Arabidopsis indicated that 299 genes are drought-inducible, 213 are high-salt stress inducible, 54 are cold-inducible and 254 are ABA inducible (Seki et al. 2002; Shinozaki et al. 2003 ). Of these, many genes are regulatory in nature and regulate the expression of target downstream genes via binding to specific cis-element, and finally enhance the tolerance to various abiotic stresses in plants (Zhu 2002; Kirch et al. 2005; Vinocur and Altman 2005; Lee et al. 2006) . These regulatory genes are transcription factors and belong to several families, such as AP2/EREBP, bZIP, NAC, MYB, MYC, Cys2His2 zinc-finger, and WRKY (Umezawa et al. 2006) . Arabidopsis genome encodes 145 AP2/EREBP transcription factors that are grouped into five subfamilies, including DREB (dehydration-responsive elementbinding protein)/CBF (C-Repeat Binding Factor), ERF (ethylene-responsive transcription factor), AP2 (APE-TALA 2), RAV (related to ABI3/VP1), and one very specific gene, AL079349, based on the similarities of their DNA-binding domain and number AP2/ERF domain. Genes belonging to the CBF/DREB subfamily are thought to be important switches to regulate expression of many stress-inducible genes. DREB1/CBF like genes, belonging to the A-1 subgroup, are induced by low temperature stress but not by drought or high salt stresses, and therefore activates the expression of many cold stress-regulated genes. DREB2-like genes, belong to the A-2 subgroup, are mainly involved in regulation of genes responsive to osmotic stress (Sakuma et al. 2002; Nakashima and Yamaguchi-Shinozaki 2006) . Arabidopsis homologs of DREB1/CBF genes have been isolated and characterised in evolutionarily diverse plants with different levels of adaptation to cold stress such as, common wheat (Triticum aestivum L.), rice (Oryza sativa L.), rye (Secale cereale L.), maize (Zea mays L.), canola (Brassica napus), etc., and overexpression of DREB1/CBF genes in transgenic plants increases tolerance to drought, high salt, and freezing stresses (Dubouzet et al. 2003; Shen et al. 2003; Qin et al. 2004; Zhang et al. 2004a; Hong and Kim 2005; Benedict et al. 2006; Zhao et al. 2006; Chinnusamy et al. 2010) . So, CBF genes may be useful for improving the stress tolerance of crops (Yamaguchi- . In Arabidopsis upstream regulators of CBF expression has been isolated by using targeted forward genetic analysis. The inducer of CBF1 Expression 1 (ICE1) encodes a MYC-like basic helix-loop-helix (bHLH) protein that binds specifically to MYC cis-elements (CANNTG) in the DREB1A/CBF3 promoter and induces the expression of CBF3, which, in turn, activates expression of many downstream genes, leading to a significantly enhanced tolerance to chilling and freezing (Chinnusamy et al. 2003) . The signalling components that transduce the cold stress signal to ICE1 remain to be identified. It is also unclear whether ICE1 also functions in other abiotic stress response pathways (Chinnusamy et al. 2004 ). Overexpression of Arabidopsis ICE1 enhances chilling tolerance of transgenic rice (Xiang et al. 2008 ) and cucumber (Liu et al. 2010) . Over-expression of the wheat ICE genes enhanced freezing tolerance (FT) in the heterologous Arabidopsis system (Badawi et al. 2008 ). These studies suggest that ICE1-CBF regulon is conserved in diverse plant species. The regulon size or the number and kind of target genes vary among freezing sensitive and tolerant plants (Zhang et al. 2004b) . The calmodulin binding transcription activator (CAMTA) family proteins act as transcriptional regulators of CBF2 expression in Arabidopsis. The CAMTA3 protein binds to CBF2 promoter and induces CBF2 expression. Since CAMTA proteins can interact with calmodulins, cold-induced calcium signals may regulate CBFs expression through CAMTA proteins (Doherty et al. 2009) . A cold adapted plant Lepidium latifolium L., thriving well on dry slopes as perennial herb at higher elevation varied in altitude from 3,260 to 3,650 min Leh, Suru and Zanskar valleys of Jammu and Kashmir, India was explored in the present investigation for cloning of cold stress-regulated genes (Chaurasia et al. 2007; Aslam et al. 2009 ). This species probably has evolved effective stress tolerance mechanisms that permit its growth, development and reproduction in such environments. However, only limited efforts have been made to unravel the molecular basis of stress tolerance in L. latifolium L. for utilization in crop improvement. The present piece of work is an effort to explore, clone and characterize CBF transcription factor from freezing tolerant L. latifolium L species.
Materials and methods

Plant material and stress treatment
Seeds of L. latifolium L., ecotype 'Ladakh' were obtained from Defence Institute of Hill Agriculture (earlier known as Field Research Laboratory) Leh, India (located at 3,500 m altitude). The small pots (diameter 16.0 cm, height 15.0 cm) filled with equal mixture of peatmoss, vermiculite and soil (v/v) were used to grow the seeds of Lepidium latifolium L.
Germinated seedlings were maintained under white light at 25°C with 16 h light and 8 h dark cycles.
To induce expression of the target gene, abiotic stress treatments were applied to 2-month-old seedlings for 12 h unless otherwise stated. Low-temperature treatments were applied by transferring plants to a growth chamber set to 4°C. Drought and salinity treatments were applied by submerging the roots of the plants in an aqueous solution of 15 % PEG6000 and 250 mM NaCl, respectively. After each treatment, the leaves were harvested, frozen in liquid nitrogen, and stored at −70°C for further analysis.
RNA isolation and first strand cDNA synthesis Total RNA was extracted from the leaves using Trizol reagent (Invitrogen Corporation) in combination with RNase-free DNase treatment (Qiagen) to remove contaminated DNA. The first-strand cDNA was synthesized with 2.5 μg total RNA in 20 μl reaction volume using first strand cDNA synthesis Kit according to the manufacturer's instruction (Fermentas Life sciences).
RT-PCR for CBF fragment amplification
Information on cDNA/EST available in other dicot plants such as Brassica, Arabidopsis, cucumber, tomato etc. on different abiotic stress transcription factors were aligned using CLUSTALW (www.ebi.ac.uk/clustalw/). Based on homology and conserved region, the following pair of degenerate primer was designed: Primer pairs are 5′AGT TTC GDG AGA CKC GTCACC3′ (sense) and 5′AGC CTC MTG SAW CGT CTC CTC3′ (anti-sense). The RT-PCR was performed using 2 μl of the first-strand cDNA as template in 50 μl volume containing 36 μl H 2 O, 5 μl 10X PCR buffer, 3 μl 25 mM MgCl 2 , 1 μl 10 mM dNTP mix, 1 μl each 10 mM sense and anti-sense primer, 1 μl (1 unit/μl) Taq DNA polymerase (Fermentas Life Sciences). The PCR temperature program was 1 cycle of 5 min at 94°C followed by 35 cycles of 30 s at 94°C, 30 s at 56°C and 60 s at 72°C, and finally 1 cycle of 10 min at 72°C. The resulting 300 bp PCR product was separated on 1 % agarose gel and purified using PCR purification kit (Qiagen), then cloned into pGEM T-Easy vector (Promega, Madison, WI, USA), and finally transformed into Escherichia coli DH5α. The positive clones were get sequenced (DNA Sequencing Facility, South Campus, Delhi University, India). Molecular cloning experiments in this study were performed according to Sambrook et al. (1989) .
Isolation of 3′ and 5′ end by RACE-PCR
The 5′ and 3′ ends of the cDNA sequence were amplified using the 'RACE System for Rapid Amplification of cDNA Ends, version 2′ (Invitrogen Corporation, USA) according to the manufacturer's protocol. In order to perform 3′RACE, two internal gene specific forward primer GSPF1 5′GTC AAC TTG CCC AAA GGA TAT TCA G3′ and GSPF2 5′ GGC TTT TCA AGA TGA AAT GAC GAC3′ were designed from L. latifolium L. partial cDNA of CBF cloned by us. Abridge Universal Amplification Primer (AUAP), 5′ GGC CAC GCG TCG ACT AGT AC3′ were used as antisense primer. PCR reaction was carried out in a total volume of 50 μl including 36.5 μl autoclaved distilled water, 5 μl 10X PCR buffer, 3 μl 25 mMMgCl 2 , 1 μl 10 mMdNTP mix, 1 μl 10 μM forward gene specific primer, 1 μl 10 μM AUAP, 2 unit Taq DNA polymerase, 2 μl cDNA. PCR conditions were as follows: 94°C for 3 min, 35 cycles of three steps, 94°C for 1 min, 58°C for 1 min and 72°C for 1 min, and final extension was performed at 72°C for 10 min. The 5′RACE were carried out using four gene specific internal reverse primers, designed from partial L. latifolium L. CBF cDNA of 338 bp. First strand cDNA were synthesized using GSPR1 5′ GCC ACG TAG AGC TAG AGC AG3′. First round of PCR were carried out by GSPR2 5′GTG AGC ACG AGC TGC CAT TTC AG3′ and AUAP, in a total volume of 50 μl reaction. PCR condition and composition were same as 3′RACE. Subsequently, PCR product of the first round PCR was diluted 100-times and used as template in the nested PCR amplifications using GSPR3 5′CTT GTT TGG CTC TCT CAC TTC AC3′ and GSPR4 5′GAC GTA CTC CTC TAT AAA TTG GG3′. The resulting PCR products were separated on 1 % agarose gels. The purified fragments were cloned in to pGEMT-Easy vector and transformed in to DH5α strain of E. coli. Finally, positive clones were sequenced.
In-silico generation of full length gene All three fragment of CBF cloned was assembled manually. An entire open reading frame (ORF) was found using ORF finder programme of NCBI (www.ncbi.nlm.nih.gov).
Sequence analysis BLAST program in National Centre for Biotechnology Information Server (http://www.ncbi.nlm.nih.gov/) was used to validate the nucleotide as well as protein homology. Multiple protein sequence alignment was performed using CLUSTALW program of Jalview 2.3 version. The phylogenetic tree of proteins was constructed using the NeighbourJoining algorithm (www.genome.jp/tools/clustalw/). Theoretical isoelectric point and mass values for the protein was predicted using ExPASy ProtParam tool (http://us.expasy.org/ tools/protparam.html). The conserved domains were searched at the NCBI web site http://www.ncbi.nlm.nih.gov/structure/ cdd/wrpsb.cgi.
Semi quantitative RT-PCR
To analyse the expression levels of cloned cDNA fragment of L. latifolium L. under different stresses and duration of stresses using RT-PCR, the same set of specific primers which were used for cloning full length cDNA, was used. Lepidium 26SrRNA gene was selected as endogenous internal standard, because it is a house keeping gene and expressed at all stages and in all the tissues. The internal control primers used were 5′CAC AAT GAT AGG AAG AGC CGA C3′ as forward primer and 5′CAA GGG AAC GGG CTT GGC AGA AT3′ as reverse primer. cDNAs were exponentially amplified using Taq Polymerase (Fermentas Life Sciences) according to manufacturer's instruction. Densitometry analysis was done with the help of Gene Profiler software (Alpha Innotech Corporation USA). Briefly, individual gels were scored by placing the curser over individual band and recording the relative densitometry values.
Results
Nucleotide sequence and predicted amino acid sequence analysis
A partial cDNA fragment of 338 base pair (bp), with high similarity to CBF genes was cloned from L. latifolium L. using degenerate primers. Subsequently, RACE PCR was performed to clone the 3′ and 5′ ends of the sequence. The L. latifolium L. cDNA encodes a 948-bp mRNA with an ORF of 642 bp with a 172-bp 5′ Un-Translation Region (UTR) and a 134-bp 3′ UTR. The LlCBF peptide consists of 213 amino acids with a calculated molecular weight of 23.92 KDa and theoretical isoelectric point of 4.80 (Fig. 1) .
BLAST analyses of the amino acids sequence revealed homology with Arabidopsis CBF3 (81 %), Capsella bursapastoris DREB1A (81 %), Nicotiana tabacum DREB1A (81 %), Chorispora bungeana C-repeat binding factor-like protein (77 %), Eutrema salsugineum DREB1 (78 %), Olimarabidopsis pumila CBF1 (79 %) and Thlaspi arvense cold responsive transcription factor (80 %) (Fig. 2) . The LlCBF cDNA showed higher homology with CBF3 proteins of Brassica family probably because L. latifolium L. also belongs to the same family, but had minimum similarity with monocot DREB1A proteins like ZmDREB1 and OsDREB1 except conserved AP2 domain. The cloned cDNA fragment of L. latifolium L. was therefore named as LlCBF (GenBank accession number JN561591) and considered as ortholog of CBF subfamily.
Bioinformatics validation revealed that LlCBF sequence had typical structural characteristics of an AP2/ERF functional domain. The LlCBF also had putative nuclear localizing consensus signal sequence PKKPAGRKKFRETRHP before the AP2 domain, which is characteristics feature of DREB1 type proteins (Agarwal et al. 2006b ). This suggested that the LlCBF is an AP2 type transcription factor than can be localized into nucleus for transcriptional regulation. An acidic amino acid region was identified in the C-terminal region that may act as a transcriptional regulatory domain. The DSAW motif at the end of the AP2/ERF domain and LWSY motif at the end of the C-terminal are conserved in most of the DREB1-type proteins (Agarwal et al. 2006b ). In the present work, LlCBF shares a similar DSAW domain at the end of AP2 domain, but having LWNY motif instead of LWSY at C-terminal region, distinguishing it from other DREB1 type proteins reported so far. Two CBF1 homologs, Triticum aestivum L. CBF1 (accession number AAL37944) and Lycopersicon esculentum CBF1 (accession number AAK57551) cloned earlier also had 'N' in place of 'S', indicating that LWNY may be a functional equivalent of LWSY.
Secondary and three-dimensional structural analyses
We examined the tertiary structure of LlCBF's AP2 domain in reference to AtERF, the only protein belonging to the AP2 family whose crystallographic structure is known (Allen et al. 1998 ). The tertiary structure of LlCBF exhibits classic ERF fold consisting of three β-sheets connected by loops and a C-terminal α-helix packed approximate parallel to β-sheets. The two amino acids in β-sheet 14th valine and 19th glutamic acid play crucial role in the determination of DNAbinding specificity were found to be completely conserved (Liu et al. 1998; Cao et al. 2001; Sakuma et al. 2002) . The amino acid residues Arg6, Arg8, Trp10, Glu16, Arg18, Arg25 and Trp27 of AP2 domain that directly make contact with DNA for DNA-binding activity were also completely conserved except Trp10, which was substituted by amino acid serine (Allen et al. 1998 ). Wang and He (2007) also reported serine in place of Trp10 in AtCBF3 (accession number NP 567720).
The YRG and RAYD elements are found in all known AP2 domains (Fig. 2) . The RAYD element contains a conserved core region that is predicted to form an amphipathic α-helix. One hypothesis for the function of this α-helical structure is that it is involved in DNA binding, perhaps through the interaction of its hydrophobic face with the major groove of DNA (Zubay and Doty 1959) . Since identity is only 55 %, other residues which are differing from AtERF may lead to differences in recognition and binding of some cis-acting elements (Fig. 3) .
To determine the phylogenetic relationships between LlCBF and other DREB1-like proteins from different plant species, a phylogenetic tree was constructed using Neighbour-Joining algorithm (Fig. 4) . LlCBF was placed entirely on separate clade. It is separated from monocots as well as other plants like capsicum, Atriplex hortensis, soybean which are phylogenetically distant as expected. However, it is interesting to note that LlCBF is also divergent from CBFs/DREBs from Arabibopsis, Eutrema salsugineum, and Capsella bursa-pastoris and other plants belonging to the same family and had more than 70 % identical amino acid sequence.
Expression pattern analysis of LlCBF gene
The semi-quantitative RT-PCR method was used to investigate the expression pattern of the LlCBF gene under various stress treatments. The Lepidium 26S rRNA was used as the internal standard control. The results showed that the expression of this gene is induced under low temperature, high salt and dehydration (Fig. 5) . However, the expression kinetics was observed to be different under different stress conditions. In low temperature condition, it induced as early as in 30 min and reached highest level of expression at 2 h and then gradually decreased to reach a basal level at 48 h. In response to salt stress, the transcript level increased to a maximum level within 30 min, maintained up to 2 h, and thereafter decreases to reach a basal level by 16 h of salt stress. Similar results were also observed in case of drought stress.
Discussion
Understanding the mechanisms of tolerance to environmental stresses in plants has the potential to provide novel strategies for genetic improvement of stress tolerance in plants. The transcription factors play a paramount role in controlling various component traits of stress tolerance by regulating an array of genes. Earlier studies demonstrated that the expression of the CBF genes in Arabidopsis resulted in an increased tolerance to freezing, salt and drought stresses (Liu et al. 1998; Jaglo-Ottesen et al. 1998; Kasuga et al 1999; Gilmour et al. 2000) . The cDNAs encoding CBF transcription factors have been identified and cloned from various plant species including Arabidopsis, rice, wheat, canola, soybean (Liu et al. 1998; Dubouzet et al. 2003; Shen et al. 2003; Li et al. 2005) . In the present investigation, we have cloned and characterized the first member of CBF gene Fig. 1 Nucleotide sequence and deduced amino-acid sequence of LlCBF. The putative nuclear localization signal (NLS) is singly underlined and AP2 domain is doubly underlined. Conserves motiffs are indicated in bold letters family, LlCBF from L. latifolium L., a plant highly tolerant to freezing stress. Cloning and characterization of CBFs genes from such a plant is of prime importance as it will elucidate the mechanisms underlying the CBF-mediated abiotic stress tolerance and their role in adaptation of this plant to harsh environmental conditions.
The LlCBF gene cloned in this study showed high similarity to the previously characterized CBF genes from different MTSFSTFSEMLGSEYESPVTLGGEYCPTLAASCPKKPAGRKKFRETRHPIYRGVRLRNSG 60 * ***:*:*::.*:** . . * *.**:******************:***** **** KWVCEVREPNKKSRIWLGTFLTAEIAARAHDVAAIALRGKSACLNFADSAWRLRIPETTC 120 ***.*:******:******* ***:*********:***.:*********.***:***::* PALLASMAEGMLLPPPSVHFGHNYDFDGDAD-VSLWSY 214 . :: .******** **::: :.: .** * :.**.* The three β-sheets and a α-helix were marked above the corresponding sequences. The amino acid residues that contact DNA were indicated in bold plants. BLAST analysis showed that LlCBF shared high amino acid identity with CBF 3 protein of Arabidopsis (81 %), which is known to regulate the expression of abiotic stress responsive genes. The LICBF sequence analysis indicated the presence of AP2 domain, nuclear localization signal sequence and other conserved motifs typical to DREB1/CBF type of transcription factors. Further, sequence comparison showed that LlCBF contains the conserved 14th valine (V14) and the 19th glutamic acid (E19) similar to other member of DREB/ CBF transcription factors. The PI value of about 3.8 of the C-terminal acidic domain indicates the presence of acidic domain. The structural analysis of AP2 domain indicated typical features of packing of α-helix nearly parallel to the three-stranded anti-parallel β-sheet, which are involved in DNA recognition as well binding specificity of the DREB1 proteins (Sakuma et al. 2002; Allen et al. 1998) . Alignment analysis and domain comparison with proteins from different plant species therefore suggest that LlCBF is homologous to DREB1/CBF type of TFs. Moreover, phylogenetic tree analysis revealed that LlCBF is genetically divergent from CBF transcription factors reported earlier from other plant species. DREB1/CBF proteins are typically highly conserved in AP2 domain and other signature sequences probably because of substantial selective constraint maintained during the course of evolution to retain the DNA binding properties of DREB1/ CBF TFs. However, relaxed constraint in non-DNA binding region during evolutionary process makes DREB1/CBF TFs structurally and functionally divergent even from member of the same family (Chang et al. 2005) . Phylogentically divergent relationship of LlCBF with other member of the same family may be because of evolutionary modification specifically in non-DNA binding region of the gene to fulfil the functional requirement. Zhang et al. (2004b) also opined that the regulon size or the number and kind of target genes vary among freezing sensitive and tolerant plants.
In order to elucidate the potential function of LlCBF in response to different stimuli, the expression pattern of the LlCBF gene was analysed under various abiotic stress conditions. Expression of CBF genes was extensively investigated in various crops in compliance to different abiotic stresses (Agarwal et al. 2006b ). Expression analysis of CBF genes has been primarily focused on the leaves. In limited reports, the expression levels of CBFs were higher in roots than in leaves (Wang et al. 2010a) . So, in the present study, the transcription level of LlCBF was studied in leaves only. The LlCBF expression was analyzed by semiquantitative RT-PCR, which revealed very low level of expression in unstressed control leaves and therefore suggests that LlCBF could have constitutive expression albeit at low levels. Expressions of PeDREB1 from Phyllostachys edulis and PtCBFb from Poncirus triafoliata were also observed under normal condition (Liu et al. 2012; Wang et al. 2009 ). Expression of LlCBF gene was up-regulated by low temperature, salt and dehydration. The Arabidopsis CBF1, CBF2 and CBF3 expresses specifically under cold. In practical, more than one environmental stresses are often encountered simultaneously. It is probable that during the summer, plant may experience both drought and high temperature stress simultaneously, while during the winter, because of the impaired water absorption and transport system, low-temperature might also bring with it osmotic stress (Xiong et al. 1999) . The different abiotic stress signalling pathways are assumed to interact and share some common elements that act as potential 'node' for cross-talk, such as Ca 2+ , Calcium-regulated proteins, transcription factors and so on (Qin et al. 2007 ). The LlCBF gene was observed to induce strongly within 30 min of exposure to drought, salinity and low temperature stress and therefore said to be early responsive to multiple stresses . Medina et al. (1999) also reported that CBF genes showed high expression in response to low temperature stress treatment and the transcript was detectable as early as 30 min of exposure to 4°C, and reached to maximum expression level at 1 h after the exposure. Our result also corroborate to those described earlier in LpCBF3 from rye grass, Ptcbfb from Poncirus trifoliata, OsAP211 from rice, VviDREB1 from Vaccinium vitis-idaea, MbDREB1 from apple, but confront with those observed in DREB1 from aloe, BrCBF from chinese cabbage, OsDREB1B under cold stress (Wang and He 2007; Wang et al. 2009; Qin et al. 2007; Gao et al. 2009; Wang et al. 2010b; Yang et al. 2011; Jiang et al. 2011) . The difference in timing and strength of expression of CBFs across the different plant species may be due to variation in the organization of various cis-elements between the orthologs . Adequate amount of LlCBF transcript was still observed even after 24 h and 48 h of exposure. Similarly, OsDREB1A/CBF3 and ZmDREB1A were also found to induce by cold within a period of 40 min and 60 min, respectively, and remain detectable even at 24 h after exposure to cold stress (Dubouzet et al. 2003; Qin et al. 2004) .
In summary, our results indicate cloning of a gene, LlCBF, from L. latifolium L that established high homology with members of DREB1/CBF TF. The LlCBF encode a protein 
